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ABSTRACT
We present an analysis of a devised sample of Rotation Curves (RCs), aimed at
checking the consequences of a modified f(R) gravity in galactic scales. Originally
motivated by the the dark energy mystery, this theory may serve as a possibility of
explaining the observed non-Keplerian profiles of galactic RCs in terms of a break-
down of the Einstein General Relativity. We show that in general the power-law f(R)
version could fit well the observations with reasonable values for the mass model
parameters, encouraging further investigation on Rn gravity from both observational
and theoretical points of view.
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1 INTRODUCTION
It is well-known that the RCs of spiral galaxies show a
non-Keplerian circular velocity profile which cannot be ex-
plained by considering a Newtonian gravitational potential
generated by the baryonic matter (Persic, Salucci & Stel
1996). Current possible explanation of this controversy in-
cludes, among others, the postulate of a new yet not detected
state of matter, the so called dark matter (Rubin 1980; Ru-
bin 1983), a phenomenological modification of the Newto-
nian dynamics (Milgrom 1983; Brownstein & Moffat 2006;
Sanders 2006; Bekenstein 2007), and higher order gravita-
tional theories (originally devoted to solve the dark energy
issue) (Song et al. 2007; Carroll et al. 2004; Capozziello et
al. 2004).
The recent theory proposed by Capozziello, Cardone &
Troisi 2007 (hereafter CCT), modifies the usual Newtonian
potential generated by baryonic matter in such a way that
the predicted galaxy kinematics and the observed one have
a much better agreement. They consider power-law fourth
order⋆ theories of gravity obtained by replacing in the grav-
ity action the Ricci scalar R with a function f(R) ∝ Rn,
where n is a slope parameter. The idea is that the Newto-






where β is a function of the slope n, and rc is a scale length
⋆ The term comes from the fact that the generalized Einstein
equations contain fourth order derivatives of the metric.
parameter. It turns out that in this theory β is a univer-
sal constant while rc depends on the particular gravitating
system being studied. In a virialized system the circular ve-
locity is related to the derivative of the potential through
V 2 = r dφ(r)/dr. It is clear that (1) may help in the expla-
nation of the circular velocity observed in spirals.
We remark that any proposed solution to the galaxy
RC phenomenon must not only fit well the kinematics but,
equally important, indicate best-fit values of the mass model
parameters that are consistent with different well studied
global properties of galaxies. For example, the values of the
stellar mass-to-light ratio† (Bruzual & Charlot 2003) obey
the relation:
log Υ⋆ ∼ −1.6 + 1.2 log (LB/L⊙), (2)
approximately: 0.3 < Υ⋆ < 7.
As shown in CCT, for a sample of Low Surface Bright-
ness galaxies the CCT theory was fairly able to fit the RCs.
However, in our view, the relevance of its finding is limited
by the following considerations:
• the sample contains several objects whose RCS are not
smooth, symmetric and extended to large radii
• the sample contains only Low Surface Brightness galax-
ies while a wider sample is desirable
• the universal parameter n is not estimated by the anal-
ysis itself but it is taken from other observations
In the present work we generalize the CCT results and
† Υ⋆ ≡ MD/LB ; MD is the disk mass and LB is the B-band
galaxy luminosity
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test a wider and fairer sample of spirals, improving the anal-
ysis methodology. Our goal is to perform a check of CCT
theory in galactic scales in order to investigate its consis-
tency and universality.
The plan of this article is the following: in Sect.2 we
briefly summarize the main theoretical CCT results rele-
vant for the analysis of our sample. In Sect.3 we present our
sample and methodology of analysis. In Sect.4 the results
are presented and finally the conclusions in Sect.5.
2 NEWTONIAN LIMIT OF F (R) GRAVITY
The theory proposed by Capozziello et al. is an example of
an f(R) theory of gravity (Nojiri & Odintsov 2006). In these




√−g [f(R) + Lm] (3)
where g is the metric determinant, R is the Ricci scalar
and Lm is the matter Lagrangian. In the CCT theory the
function f(R) is chosen to be:
f(r) = f0R
n (4)
where f0 is a constant to give correct dimensions to the
action and n is the slope parameter. The modified Einstein
equation is obtained by varying the action with respect to
the metric components.
Solving the vacuum field equations for a Schwarzschild-
like metric in the Newtonian limit of weak gravitational
fields and low velocities, the modified gravitational poten-
tial for the case of a point-like source of mass m, is given by
(1), where the relation between the slope parameter n and
β (see detailed calculation in CCT work) is given by:
β =
12n2 − 7n− 1−√36n4 + 12n3 − 83n2 + 50n+ 1
6n2 − 4n+ 2 . (5)
Note that for n = 1 the usual Newtonian potential is recov-
ered. According to CCT, the correction to the Newtonian
potential starts to be relevant on scales larges than rc, the
value of this parameter however depends on the object mass.
The large and small scale behaviour of the total potential
constrain the parameter β to be 0 < β < 1.
The solution (1) can be generalized to extended systems










In this way, the usual Newtonian potential can be recuper-
ated when β = 0. The solution for the specific density dis-
tribution relevant for spiral galaxies is described in the fol-
lowing paragraph.
3 DATA AND METHODOLOGY OF THE TEST
Our sample represents the best available RCs to study the
mass distribution of luminous and/or dark matter, and it has
been used in works concerning modifications of gravity and
the core/cusp controversy (Corbelli & Salucci 2007; Gentile
et al. 2004; Frigerio Martins & Salucci 2006). The sample in-
cludes nearby galaxies of different Surface Brightness: DDO
Table 1. Properties of our sample. From left to right, the columns
read: name of the galaxy, adopted distance in Mpc, disk scale
length in kpc, B-band luminosity in L⊙, total gas mass in 108M⊙,
Hubble type as reported in the HyperLeda database. The galaxies
are ordered from top to the bottom with increasing luminosity.
Galaxy D RD LB Mgas Type
DDO 47 4 0.5 5.1× 107 2.2 IB
ESO 116-G12 15 1.7 3.5× 109 21 SBcd
NGC 7339 18 1.5 4.5× 109 6.2 SABb
ESO 287-G13 36 3.3 1.7× 1010 14 Sbc
NGC 1090 36 3.4 2.1× 1010 100 Sbc
UGC 8017 103 2.1 2.3× 1010 - Sab
M 31 0.8 4.5 2.6× 1010 - Sb
UGC 11455 75 5.3 4.9× 1010 - Sc
UGC 10981 155 5.4 5.9× 1010 - Sbc
47 (Gentile et al. 2006); ESO 116-G12, ESO 79-G14 (Gentile
et al. 2004); NGC 6822 (Weldrake et al. 2002); UGC 8017,
UGC 10981, UGC 11455 (Vogt et al. 2004); M 31 (Corbelli
& Salucci 2007). Let us notice that in some cases Hα and HI
RCs are both available and they agree well where they co-
exist (see the properties of our sample in Table 1). Moreover
the RCs we analyze are smooth, symmetric and extended to
large radii.
We decompose the total circular velocity into stellar
and gaseous contributions. Available photometry and radio
observations show that the stars and the gas in our sample
of galaxies are distributed in an infinitesimal thin and circu-
lar symmetric disk. While the HI surface luminosity density
distribution Σgas(r) gives a direct measurement of the gas






where MD is the disk mass and RD is the scale length, the
latter being measured directly from the optical observations,
while MD is kept as a free parameter of our analysis.
The distribution of matter in spiral galaxies has cylin-















where we write it as a sum of the usual Newtonian φN (r)
and a correction φc(r). Σ(r
′) is the surface density distri-
bution of the stars, given by (7) , or of the gas, given by
an interpolation of the HI data points. β and rc are free
parameters of the theory, with the latter galaxy dependent.





, we can express the distance be-
tween two points in cylindrical coordinates as |r − r’| =
(r+ r)2(1− k2cos2(θ/2)). The derivation of the circular ve-
locity due to the φc contribution to the potential is now
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direct:




= −2β−3r−βc π α (β − 1)G I(r), (9)








k3−β Σ(r′) F(r), (10)
with F(r) written in terms of confluent hyper-geometric







The total circular velocity is the sum of each squared
contribution:







We have checked that the resulting Newtonian circular ve-
locity contribution of the stars coincides, as it should be,
with the standard formula
V 2N,stars(r) = (GMD/2RD) x
2B(x/2), (12)
where x ≡ r/RD, G is the gravitational constant and the
quantity B = I0K0 − I1K1 is a combination of Bessel func-
tions (Freeman 1970).
In a first step, the RCs are χ2 best-fitted with the fol-
lowing free parameters: the slope (β) and the scale length
(rc) of the theory, and the gas mass fraction (fgas) related
to the disk mass simply byMD =Mgas(1−fgas)/fgas. From
the results of these fits we get a mean value of β = 0.7±0.3.
Then we redo the best-fit fixing the CCT slope parameter
at its mean value (n = 2.2). Notice that in a previous paper
(Capozziello et al. 2006), CCT obtained the mean value of
β = 0.58 ± 0.15, perfectly compatible with our result. This
parameter however, according to CCT, is well constrained
from SNeIa observations to be β = 0.87 (n = 3.5), also com-
patible with our measurements. In our analysis the value
β = 0.7 is the most favourable for explaining the RCs in
terms of the CCT model: different values of β from the one
we adopt here lead to worse performance.
4 RESULTS
We summarize the results of our analysis in Figure 1 and
Table 2‡. Figure 1 shows that the residuals of the measure-
ments with respect to the best-fit mass model are in most
of the cases compatible with the error-bars. The same con-
clusion can be drawn by looking at the values of the χ2red
of Table 2. CCT fits barely sufficiently galaxies ESO 287-
G13 and M 31. It is remarkable that in some cases the CCT
theory fits the observations better than the model obtained
with N-body Λ Cold Dark Matter simulations by Navarro-
Frank-White (Frigerio Martins & Salucci 2006; Gentile et
al. 2004). Also we found acceptable values for the mass-to-
light ratio parameter for all galaxies, but for UGC 8017,
where the small found value is marginally out of the ex-
pected range. Galaxies UGC 8017, M 31, UGC 11455 and
UGC 10981 presents a very small amount of gas and for this
‡ Numerical codes and data used to obtain these results can be
found at the address http://people.sissa.it/ martins/home.html
Table 2. Parameters of the mass model of the analyzed galaxies
for β = 0.7 (n = 2.2). Υ⋆ is the mass-to-light ratio in units of
(M⊙/L⊙), rc is the scale length CCT parameter in 10−2 kpc,
fgas is the gas fraction in %, MD is the total mass of the disk in
109M⊙ and at the end is the χ2red. The galaxies are ordered as
in Table 1.
Galaxy Υ⋆ rc fgas MD χ
2
red
DDO 47 0.2 0.5 96±1 0.01 0.5
ESO 116-G12 0.6 5±1 50 2.1 1.2
NGC 7339 4.8 41±7 2.8±0.2 22 2.3
ESO 287-G13 2.4 48±5 25±1 41 3.2
NGC 1090 2.2 59±4 18±1 47 0.9
UGC 8017 0.4 1±1 - 9.1±0.3 5.2
M 31 7.1 153±19 - 180±70 3.4
UGC 11455 1.5 14±1 - 74±3 5
UGC 10981 7.6 ∼ 1013 - 460±200 4.9
reason it has been neglected in the analysis. Values of the
scale length parameter (rc) are smaller for the less massive
galaxies and bigger for the more massive ones. We obtained
a Newtonian fit for UGC 10981, see the exceedingly large
value for rc.
5 DISCUSSIONS AND CONCLUSIONS
We have investigated the possibility of fitting the RCs of spi-
rals with a power-low fourth order theory of gravity, with-
out the need of dark matter. We remark the relevance of
our sample, since it contains very accurate and proper kine-
matic. The good agreement we found between the CCT
model and our RCs encourages further investigations both
from the theoretical point of view and with refinement of
the present analysis.
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